Rationale Understanding the neurobehavioral mechanisms underlying dysregulated cocaine intake is important for the development of new cocaine abuse therapies. Objectives The current study determined if cocaine escalation under extended access conditions (6-h access) is regulated by discrimination learning processes. Methods Rats were initially trained on cocaine selfadministration (0.1 or 0.25 mg/kg/infusion) using a fixed ratio 1 (FR 1) schedule under 1-h access for 12 sessions. Some rats were then trained to self-administer cocaine under 1-h or 6-h access conditions exclusively for 14 additional sessions, while other rats were trained under both 1-and 6-h access conditions that were cued or noncued for 28 additional sessions (14 sessions for each 1-and 6-h access). Two additional groups of rats were initially trained to self-administer cocaine using an FR 1 schedule under 10-min access for 12 sessions; half of the animals were then switched to 60-min access conditions for 14 additional sessions. Results When access conditions were differentially cued, escalation of cocaine intake was evident in animals with both 1-and 6-h access conditions during the escalation phase.
Introduction
The neuroadaptations that accompany escalated drug intake with continued use are thought to be the genesis of addiction (American Psychiatric Association [DSM-IV-TR] 1994); however, preclinical study of drug abuse typically has used limited access self-administration conditions that lead to steady regulated intake across time. These short, intermittent access conditions have served well in modeling the onset and maintenance of drug abuse, but they have not served as well in modeling the switch from recreational use to the dysregulated, compulsive use that characterizes the process of addiction (Everitt and Robbins 2005) .
To understand the neuroadaptations that accompany addiction, there has been a push to design experiments in laboratory animals that model more closely dysregulated drug-taking behavior (Roberts et al. 2007) . One key component of these designs has been the use of extended drug access conditions (Ahmed 2009 ). Although not the only method available (e.g., discrete-trial "binge"; Fitch and Roberts 1993; Roberts et al. 2002; Tornatzky and Miczek 2000) , designs that incorporate extended access conditions have become used widely to model dysregulated intake. For example, Ahmed and Koob (1998, 1999) trained rats to self-administer cocaine initially on a fixed ratio 1 (FR 1) schedule of reinforcement across daily 1-h sessions until stable responding was reached. Animals were then shifted to 6-h sessions or were maintained on 1-h sessions for an additional 21 training sessions. The 6-h access group exhibited an increase in total cocaine intake over the 21-session training period, while the 1-h access group maintained stable intake (Ahmed and Koob 1998, 1999) . It was hypothesized that the escalation of cocaine intake in the 6-h access group models the progressive increase in drug taking displayed by humans with substance use disorders and represents dysfunctional, compulsive drug intake.
Intake escalation during 6-h sessions has been replicated many times with cocaine (e.g., Ahmed and Koob 1999, 2004; Ahmed et al. 2003; Ahmed and Cador 2006) . It has also been demonstrated with other drugs of abuse, including heroin (Ahmed et al. 2000) , methamphetamine (Kitamura et al. 2006) , amphetamine (Gipson and Bardo 2009) , methylphenidate (Marusich et al. 2010) , and phencyclidine (Carroll et al. 2005) . While escalated intake with extended access is a robust and general phenomenon that occurs across multiple drug classes, there is debate about the underlying mechanisms responsible for intake escalation (Zernig et al. 2007) . A number of neurobehavioral mechanisms have been suggested, including reward allostasis (Ahmed and Koob 2005) , tolerance (Oleson and Roberts 2009 ), incentive sensitization (Berridge 2007) , or habit formation (Everitt and Robbins 2005) . In addition, neuroadaptations in the mesocorticolimbic dopamine and glutamate systems have been suggested as possible neurobiological components underlying these behavioral changes (e.g., Koob et al. 2004; Madayag et al. 2010 ). These neuroadaptations have been posited as relatively permanent changes that may account for the persistence of drug addiction and relapse (Kalivas and O'Brien 2008) .
Recent evidence by Goeders et al. (2009) suggests that escalation under extended access conditions may be more representative of a general learning process than a process indicative of drug addiction. Using a liquid reinforcer with mice, Goeders et al. (2009) demonstrated that escalation occurs when animals are given extended access to a nondrug reinforcer. Importantly, the authors demonstrated that post-escalation behavior with a nondrug reinforcer is comparable to that following escalation using a drug reinforcer. Like cocainereinforced behavior (Ferrario et al. 2005; Paterson and Markou 2003) , breakpoints on a progressive ratio schedule for the sucrose reinforcer were elevated following escalation. In addition, like escalation using a cocaine reinforcer (Ferrario et al. 2005) , animals that escalated sucrose intake were more sensitive to the psychomotor effects of cocaine. Although these results could be interpreted as a model of dysregulated food intake, they also raise the possibility that escalation may be a more general process related to normal learning and not, on its own, necessarily representative of dysfunctional, compulsive intake.
In the current study, we investigated the extent to which escalated cocaine intake is governed by regular processes of learning, as opposed to dysregulated behavior. First, we tested the context dependence of escalated cocaine intake by differentially cueing short-and long-access conditions within individual animals. The hypothesized role of drug-associated cues in the development of addiction is highlighted by some theories of addiction (e.g., incentive sensitization; Robinson and Berridge 2008) , and there is evidence of neuroadaptations that are specific to environments associated with cocaine selfadministration (Edwards et al. 2011) . However, the role of the cocaine-associated context in differential access to cocaine self-administration is unknown. We hypothesized that, just as learned tolerance is context-dependent (Siegel 1976) , animals would discriminate short-from long-access conditions and would express escalated intake only during the cued longaccess conditions. Second, we investigated if escalated cocaine intake requires long-access conditions per se or whether it simply reflects a normal adjustment in responding due to a change in the temporal context from acquisition session to escalation session (i.e., from 1-to 6-h duration). We hypothesized that if escalated cocaine intake from 1-to 6-h access conditions reflects a change in temporal context, then animals trained initially on 10-min cocaine access should also show escalated intake when switched to 1-h access as the proportional change in temporal context is equivalent (1:6).
Method

Animals
Sixty-two adult male Sprague-Dawley rats (Harlan Inc., Indianapolis, IN, USA), weighing approximately 250-275 g at the beginning of experimentation, were used. Rats were housed individually in a temperature-controlled environment with a 14:10 h light-to-dark cycle, with lights on at 0600 h. All experiments were conducted during the light phase. Following acclimation, rats were food-deprived up to 85% of their freefeeding body weight and sufficient food was given daily to maintain this weight throughout experimentation. All rats had unrestricted access to water in their home cage. All experimental protocols were conducted according to the 1996 NIH Guide for the Care and Use of Laboratory Animals and were approved by the Institutional Animal Care and Use Committee at the University of Kentucky.
Apparatus
All experiments were conducted using operant conditioning chambers (ENV-001; MED Associates, St. Albans, VT, USA) housed within sound-attenuating compartments (ENV-018 M, MED Associates). Each chamber was connected to a PC interface (SG-6080D, MED Associates) and operated using MED-PC TM software. All chambers were equipped with a 5 cm×4.2 cm recessed food receptacle, two retractable response levers that were mounted 7.3 cm above a metal rod floor on either side of the food receptacle, a houselight mounted on the opposite wall from the food receptacle, and two 28-V, 3-cm diameter, white cue lights mounted 6 cm above each response lever. Food pellets (45-mg Noyes Precision Pellets; Research Diets, Inc., New Brunswick, NJ, USA) were delivered with a pellet dispenser (ENV-203, MED Associates) mounted outside of the chamber. Cocaine infusions (0.1 ml over 5.9 s) were delivered through a watertight swivel (MED Associates) attached to a syringe pump (PHM-100, MED Associates) mounted outside the sound-attenuating compartment via tygon tubing that was attached to a head-mounted cannula.
Drugs
Cocaine HCl was a gift from the National Institute on Drug Abuse (Bethesda, MD, USA) and mixed in sterile saline (0.9% NaCl).
Surgery
Chronic indwelling silastic catheters were implanted into the jugular vein while under anesthesia (100 mg/kg ketamine and 5 mg/kg diazepam, i.p.). The catheter was attached to a metal cannula affixed to the skull via four jeweler screws and dental acrylic.
Cocaine self-administration: acquisition phase Methods were similar to those published previously (Ahmed and Koob 1999) with minor changes. All animals were trained initially to lever press for food on an FR 1 schedule of reinforcement, where a food pellet was delivered following each press on the active lever (counterbalanced for each side of the experimental chamber), and presses on the inactive lever had no consequence. Training consisted of five consecutive 1-h sessions over 5 days. Immediately following food training, all animals were trained to self-administer cocaine on an FR 1 schedule using the same active/inactive lever assignment from food training, with a 20-s signaled time out (both cue lights were illuminated). Acquisition of cocaine self-administration continued for 12 consecutive sessions using a unit dose of 0.1 or 0.25 mg/kg/infusion and a session duration of either 10 or 60 min, as described below.
Cocaine self-administration: escalation phase Between-subject cocaine (0.1 mg/kg/infusion) escalation
Immediately following the acquisition phase, animals were randomly assigned to one of two groups. Animals assigned to one group continued to self-administer cocaine under the 1-h access conditions from acquisition for additional 14 sessions. Animals assigned to the other group were switched to the 6-h access for additional 14 sessions.
Within-subject cocaine (0.1 or 0.25 mg/kg/infusion) escalation, with cued session duration in escalation phase
Immediately following the 12 consecutive 1-h sessions of cocaine self-administration (0.1 or 0.25 mg/kg/infusion) during acquisition, animals were trained to self-administer cocaine (0.1 or 0.25 mg/kg/infusion) under both 1-h access and 6-h access conditions for additional 28 sessions (14 sessions of 1-h access and 14 sessions of 6-h access). Access conditions were differentially cued by illumination of the houselight (counterbalanced across animals). The first session of escalation training was counterbalanced for the 1-h or 6-h access. The remaining training sessions alternated each day between the 1-h and 6-h sessions.
Within-subject cocaine (0.1 mg/kg/infusion) escalation, without cued session duration in escalation phase These methods were identical to those used above, except that the alternating 1-and 6-h session durations were not differentially cued; the houselight was either on or off for both access conditions (counterbalanced across animals).
Between-subject cocaine (0.1 or 0.25 mg/kg/infusion) escalation using 10-min training and 60-min escalation access conditions During acquisition, animals were trained to self-administer cocaine (0.1 or 0.25 mg/kg/infusion) over 12 consecutive sessions as described previously, except that the session duration was 10 min. Immediately following acquisition, animals were randomly assigned to one of two groups. Animals assigned to one group continued to self-administer cocaine under 10-min access conditions for additional 14 sessions. Animals assigned to the other group were switched to the 60-min access for additional 14 sessions.
Analysis
For the experiments that manipulated access within subject, two-way repeated measures ANOVAs, with session and access condition as within-subject factors, were used. For the experiments that manipulated access between subjects, two-way mixed-factor ANOVAs, with session as a withinsubject factor and access condition as a between-subject factor, were used. Additionally, one-way repeated measures ANOVA was used to test for a main effect of escalation session within each access group or condition for all escalation data, including total responses, total responses from the first hour, and total responses from the first 10 min. Finally, due to the unusual 10-min access parameters used during the initial 12-session cocaine self-administration acquisition training for the 10-vs. 60-min experiments, a twoway repeated measures ANOVA, with session and lever (active vs. inactive) as within-subject variables, was used to test for acquisition. An additional one-way repeated measures ANOVA was used on the data from the last three 10-min acquisition sessions to determine stability of selfadministration. All contrasts were carried out using Tukey HSD.
Results
Between-subject cocaine (0.1 mg/kg/infusion) escalation Unlike animals that self-administered cocaine (0.1 mg/kg/ infusion) under 1-h access for the entire experiment (i.e., acquisition and escalation phase), animals switched to 6-h access increased the number of infusions earned over the 14-session escalation-training period (Fig. 1a) . ANOVA revealed main effects of access duration [F(1,13) Post-hoc comparisons indicated that, relative to day 1 for the 6-h group, infusions were significantly higher on sessions 9-14. Fig. 1 a Between-subject escalation of total cocaine infusions (mean ± SEM) at a 0.1 mg/kg/infusion unit dose for 1-h (n07) and 6-h (n08) access groups. Asterisk represents significant difference in session infusions relative to session 1 (p<0.05). b Firsthour total cocaine infusions (mean ± SEM) from sessions 1 and 14 for 1-h and 6-h access groups. c Time course (5-min bins) for cocaine infusions (mean ± SEM) across the first hour on sessions 1 and 14 for the 1-h access group. d Time course for cocaine infusions (mean ± SEM) across the first hour on sessions 1 and 14 for the 6-h access group Total infusions during the first hour on sessions 1 and 14 increased as a function of session for the 6-h group, but not for the 1-h group (Fig. 1b) . ANOVA revealed significant main effects of access duration [F(1,13) Additionally, time course results during the first hour in the escalation phase showed that cocaine infusions were higher on session 14 relative to session 1 only for the 6-h access group (Fig. 1c, d ). ANOVA on infusions during the first hour from the 6-h access group on sessions 1 and 14 revealed only a significant main effect of session [F(1,7)0 33.93, p<0.05]. A two-way repeated measures ANOVA on infusions during the first hour from the 1-h group revealed no significant effects.
Within-subject cocaine (0.1 mg/kg/infusion) escalation, with cued session duration in escalation phase When animals were given alternating exposures to 1-and 6-h access conditions using differential cues in the escalation phase, cocaine infusions (0.1 mg/kg/infusion) increased only during the 6-h access sessions (Fig. 2a) . ANOVA revealed significant main effects of access duration [F(1,6) Total infusions from the first hour on sessions 1 and 14 increased as a function of session for the 6-h condition, but not Fig. 2 a Within-subject escalation of total cocaine infusions (mean ± SEM) at a 0.1 mg/kg/infusion unit dose with differential stimulus cues for 1-and 6-h access conditions. Asterisk represents significant difference in session infusions relative to session 1 (p<0.05). b First-hour total cocaine infusions (mean ± SEM) from sessions 1 and 14 for differentially cued 1-h and 6-h access conditions. c Time course (5-min bins) for cocaine infusions (mean ± SEM) across the first hour on sessions 1 and 14 for the cued 1-h access condition. d Time course for cocaine infusions (mean ± SEM) across the first hour on sessions 1 and 14 for the cued 6-h access condition. n07 the 1-h condition (Fig. 2b) . ANOVA revealed a significant main effect of session [F(1,6) One-way repeated measures ANOVA revealed a main effect of session for the 6-h condition [F(1,6)08.32, p<0.05), but not for the 1-h condition. Furthermore, time course results during the first hour in the escalation phase showed that cocaine infusions were higher on session 14 relative to session 1 in the 6-h condition, but not the 1-h condition (Fig. 2c, d) . ANOVA on data from the 6-h condition revealed only a main effect of session [F(1,6)08.32, p<0.05] on cocaine infusions within the first hour of 6-h access conditions. ANOVA on time course data from the 1-h access condition revealed no significant main effects or interaction.
Within-subject cocaine (0.1 mg/kg/infusion) escalation, without cued session duration in escalation phase When animals had alternating access between 1-h and 6-h sessions without differential cues for each access condition, cocaine infusions (0.1 mg/kg/infusion) did not change across either the 1-h or 6-h access condition (Fig. 3a) . ANOVA revealed only a main effect of access condition [F(1,5)0 47.46, p<0.05]. One-way ANOVA revealed no significant main effect of session for either the 6-h or the 1-h condition.
Total infusions within the first hour did not change as a function of session (Fig. 3b) . ANOVA revealed no main effects or interaction. One-way ANOVA revealed no significant main effect of session for either the 6-h or the 1-h condition. Furthermore, time course results during the first hour in the escalation phase showed that cocaine infusions did not change from sessions 1-14 for either access condition (Fig. 3c, d ). ANOVA revealed no significant main effect or interaction with either 1-h or 6-h condition.
Within-subject cocaine escalation using higher unit dose (0.25 mg/kg/infusion), with cued session duration in escalation phase Similar to the results obtained with the lower unit dose of cocaine (0.1 mg/kg/infusion), when animals were given alternating exposures to 1-and 6-h access conditions using differential cues in the escalation phase, cocaine infusions (0.25 mg/kg/ infusion) increased only during the 6-h sessions (Fig. 4a) . ANOVA indicated significant main effects of access duration [F(1,5)0221.25, p<0.05] and session [F(13,65) 03.46, p< 0.05], as well as a significant access duration x session interaction [F(13,65)03.67, p<0.05]. One-way repeated measures ANOVA revealed a significant main effect of session for the 6-h condition [F(13,65) 03.70, p<0.05], but not for the 1-h condition. Post-hoc comparisons revealed that, relative to session 1, infusions were significantly higher on sessions 5-14 in the 6-h condition.
Total infusions within the first hour increased as a function of session for the 6-h group only (Fig. 4b) . ANOVA revealed only a significant access duration x session interaction [F(1,5)0 24.53, p<0.05]. One-way repeated measures ANOVA revealed a significant main effect of session for the 6-h condition [F(1,5)07.71, p<0.05], but not for the 1-h condition. Furthermore, time course results during the first hour in the escalation phase showed that cocaine infusions were higher on session 14 relative to session 1 only across the 6-h sessions (Fig. 4c, d) . ANOVA on data from the 6-h access condition revealed a main effect of session [F(1,5)07.71, p<0.05] and a significant session x time interaction [F(11,55) 03.67, p<0.05]. Post-hoc comparisons indicated that, relative to session 1, cocaine infusions were higher during session 14 at time points 35-60 min, except at time point 40 min. ANOVA on data from the 1-h access condition revealed only a significant main effect of time [F(11,55) 03.06, p<0.05].
Between-subject cocaine (0.1 mg/kg/infusion) escalation using 10-min training and 60-min escalation access conditions Over the initial 10-min acquisition sessions using the 0.1 mg/ kg/infusion unit dose of cocaine, responding increased on the active lever, but not on the inactive lever (Fig. 5a ). ANOVA revealed significant main effects of session [F(11,143) 04.87, p<0.05] and lever [F(1,13)0126.13, p<0.05], as well as a significant session x lever interaction [F(11,143) 012.01, p< 0.05]. Post-hoc comparisons indicated that, relative to inactive lever presses, active lever presses were higher on sessions 5-12. One-way repeated measures ANOVA on the last three 10-min sessions revealed no significant main effect of session, indicating that active lever pressing was stable by the end of the 12-session acquisition phase.
When animals were initially trained to self-administer cocaine (0.1 mg/kg/infusion) under 10-min access conditions, escalated intake was demonstrated in animals switched to the 60-min access, but not in animals maintained on 10-min access (Fig. 5b) . ANOVA revealed significant main effects of access group [F(1,12) [F(13,78) 05.47, p<0.05], but not for the 10-min group. Post-hoc comparisons indicated that, relative to session 1 for the 1-h group, infusions were higher on sessions 12-14. Furthermore, cocaine infusions during the first 10 min of the 10-min access group did not change over the escalation phase, while cocaine infusions escalated during the first 10 min of the 60-min access group (Fig. 5c ). ANOVA revealed a significant main effect of session [F(1,12) 031.17, p<0.05] and a significant access duration x session interaction [F(1,12) 014.01, p< 0.05]. One-way repeated measures ANOVA revealed a significant main effect of session on the first 10-min infusion totals for the 1-h group [F(1,6)027.37, p<0.05], but not for the 10-min group.
Between-subject cocaine escalation at higher unit dose (0.25 mg/kg/infusion), using 10-min training and 60-min escalation access conditions Like animals trained with the 0.1 mg/kg/infusion unit dose, over the initial 10-min acquisition sessions using the 0.25 mg/kg/infusion unit dose of cocaine, responding increased on the active lever only (Fig. 5d) . ANOVA revealed significant main effects of session [F(11,143) 05.28, p<0.05] and lever [F(1,13)084.27, p<0.05], as well as a significant session x lever interaction [F(11,143) 02.50, p<0.05]. Posthoc comparisons indicated that, relative to inactive lever presses, active lever presses were higher on sessions 2-12. One-way repeated measures ANOVA on the last three 10-min sessions revealed no significant main effect of session, indicating that active lever pressing was stable by the end of the 12-session acquisition phase.
Similar to the lower unit dose (0.1 mg/kg/infusion), animals that were initially trained to self-administer cocaine at a higher unit dose (0.25 mg/kg/infusion) under 10-min access conditions and switched to 60-min access escalated intake over sessions, relative to animals maintained on the 10-min access throughout training (Fig. 5e) . ANOVA revealed significant main effects of access group [F(1,12) One-way repeated measures ANOVA revealed a significant main effect of session for the 1-h group [F(13,78) 02.84, p< 0.05], but not for the 10-min group. Post-hoc comparisons indicated that, relative to session 1 for the 1-h group, infusions were higher on sessions 9-14. Furthermore, cocaine infusions during the first 10 min of the 10-min access group did not change over the escalation phase, while cocaine infusions escalated during the first 10 min of the 60-min Fig. 3 a Within-subject escalation of total cocaine infusions (mean ± SEM) at a 0.1 mg/kg/infusion unit dose without differential stimulus cues for 1-and 6-h access conditions. b First-hour total cocaine infusions (mean ± SEM) from sessions 1 and 14 for non-differentially cued 1-h and 6-h access conditions. c Time course (5-min bins) for cocaine infusions (mean ± SEM) across the first hour on sessions 1 and 14 for the non-differentially cued 1-h access condition. d Time course for cocaine infusions (mean ± SEM) across the first hour on sessions 1 and 14 for the non-differentially cued 6-h access condition. n06 access group (Fig. 5f ). ANOVA revealed a trend toward a significant main effect of session [F(1,12)04.14, p00.06] and access duration x session interaction [F(1,12)03.72, p00.07]. One-way repeated measures ANOVA revealed a significant main effect of session on the first 10-min infusion totals for the 1-h group [F(1,6)06.20, p<0.05], but not for the 10-min group.
Discussion
The present experiments provide at least two important details regarding escalated cocaine intake when rats are switched from short-to long-access sessions. First, assuming that escalation is a measure of an uncontrolled, dysregulated intake, these experiments demonstrate that regulated and dysregulated cocaine intake can be demonstrated in the same animal. When an animal is given access to cocaine under both limited (1-h) and extended (6-h) access conditions on alternating occasions, escalated intake is present only when these access conditions are differentially signaled, suggesting that the neuroadaptations that underlie addiction are dynamic and environmentdependent (cf. Edwards et al. 2011) . Like previous research (Wee et al. 2007 ), this cue-dependent escalation was dosesensitive, with greater magnitude of escalation at a lower dose. Second, these experiments demonstrate that escalated intake can be observed during 1-h access sessions if animals are initially trained under a 10-min access session. The escalation observed during 60-min sessions does not likely reflect a failure of animals to acquire self-administration during the 10-min acquisition phase as all animals trained with this duration demonstrated stable responding and lever discrimination Fig. 4 a Within-subject escalation of total cocaine infusions (mean ± SEM) at a 0.25 mg/kg/infusion unit dose with differential stimulus cues for 1-and 6-h access conditions. Asterisk represents significant difference in session infusions relative to session 1 (p<0.05). b Firsthour total cocaine infusions (mean ± SEM) from sessions 1 and 14 for differentially cued 1-h and 6-h access conditions at the 0.25 mg/kg/ infusion unit dose. c Time course (5-min bins) for cocaine infusions (mean ± SEM) across the first hour on sessions 1 and 14 for the cued 1-h access condition at the 0.25 mg/kg/infusion unit dose. d Time course for cocaine infusions (mean ± SEM) across the first hour on sessions 1 and 14 for the cued 6-h access condition at the 0.25 mg/kg/ infusion unit dose. Asterisk represents significant differences in total infusions between session 1 and 14 (p<0.05). n06 (active vs. inactive) by the end of the training phase (see Fig. 5a, d) . Instead, these latter results suggest that escalation may reflect an intake acquisition process that depends on discriminating a change in temporal context when switching from a short-access to long-access session. Collectively, these results indicate that escalation of cocaine selfadministration under the current procedures may represent normal discrimination learning rather than dysregulated, addiction-like behavior.
During 6-h sessions with the lower unit dose of cocaine (0.1 mg/kg/infusion), there was no evidence of a "loading" effect, where intake is higher early in the session and gradually decreases to an asymptote over the rest of the session. On the contrary, animals demonstrated steady responding throughout Fig. 5 a Acquisition of cocaine self-administration for 10-min training sessions at a 0.1 mg/kg/infusion unit dose (n014). Asterisk represents significant differences between active and inactive lever presses (p< 0.05). b Between-subject escalation of total cocaine infusions (mean ± SEM) at a 0.1 mg/kg/infusion unit dose for 10-min (n07) and 60-min (n07) access groups. Asterisk represents significant difference in session infusions relative to session 1 (p<0.05). c First 10-min total cocaine infusions (mean ± SEM) from sessions 1 and 14 for 110-min and 60-min access groups at the 0.1 mg/kg/infusion unit dose. d
Acquisition of cocaine self-administration for 10-min training sessions at a 0.25 mg/kg/infusion unit dose (n014). Asterisk represents significant differences between active and inactive lever presses (p<0.05). e Between-subject escalation of total cocaine infusions (mean ± SEM) at 0.25 mg/kg/infusion unit dose for the 10-min (n07) and 60-min (n07) access groups. Asterisk represents significant difference in session infusions relative to session 1 (p<0.05). f First 10-min total cocaine infusions (mean ± SEM) from sessions 1 and 14 for 10-min and 60-min access groups at the 0.25 mg/kg/infusion unit dose the session when trained with this unit dose, regardless of whether extended access was manipulated between or within subjects. The only published study reporting the use of a 0.1 mg/kg/infusion unit dose of cocaine during escalation training is that of Gipson et al. (2011) . The within-session intake pattern from that study also found that intake was relatively constant throughout the session. In general, it appears that a unit dose of 0.1 mg/kg/infusion does not result in the same within-session intake pattern as higher unit doses (e.g., 0.25 mg/kg/infusion). This result is consistent with the idea of titration around a satiety threshold (Tsibulsky and Norman 1999) , where it would be expected that animals with access to lower cocaine doses would need to self-infuse cocaine more often to maintain a satiety point, resulting in steady rates across the self-administration session.
The present results are in general agreement with those of Goeders et al. (2009) , who found that escalated intake could be obtained with a liquid sucrose reinforcer. Although this previous finding could be interpreted as potential evidence of dysregulated sucrose intake, it also raises the possibility that escalation is indicative of a general learning process. The present results extend this conclusion to a cocaine reinforcer and suggest that escalation may be a type of normal acquisition present during transitions from initial acquisition to escalation contexts that are temporally distinct. Goeders et al. (2009) also demonstrated that post-escalation responding on a PR schedule and sensitivity to cocaine-induced hyperactivity were comparable to those seen following escalation using a cocaine reinforcer (Paterson and Markou 2003; Ferrario et al. 2005) . In light of these results, one might expect that following escalation with differentially cued access conditions, increases in breakpoint for cocaine should only be present when long-access cues are present. Furthermore, following escalation using the 10-and 60-min parameters, increases in breakpoints for cocaine should only be present in animals allowed 60-min access during the escalation phase. Future experiments are necessary to determine whether or not these predictions are correct. In addition, future research is necessary to determine if the neuroadaptive changes that are present in animals that exhibit escalated intake during the 6-h cocaine access ) also are present in animals that exhibit escalation with a nondrug reinforcer or in animals that exhibit escalation when switched from 10-to 60-min cocaine access sessions. Finally, given that escalated intake is expressed only under extended access conditions that are cued, future research is necessary to determine if the neuroadaptive changes that accompany escalated cocaine intake are differentially expressed using discrete cues to signal short-vs. long-access conditions, similar to the effects found on extracellular signal-regulated kinase activity within cocaine-associated contexts (Edwards et al. 2011) .
In addition to the context dependency provided by a discrete cue, escalation of drug infusions by animals switched from 10-to 60-min or from 1-to 6-hr access conditions suggests that escalation may result from the discrimination of a change in temporal context (i.e., change in session length from the initial training phase to the escalation phase). The increase in intake upon the change in temporal context during escalation resembles the increase in intake during the initial acquisition phase. For example, when animals are first switched to the initial 1-h cocaine self-administration sessions, intake starts out low, but with repeated training, it increases to a stable asymptotic level. Likewise, when animals are switched from the initial 1-h cocaine self-administration sessions to the 6-h access sessions, cocaine intake during the first few sessions starts out low; however, with repeated training under 6-h conditions, intake increases to stable asymptotic levels, even beyond 50 sessions of training (Ahmed and Koob 1999) . If intake escalation with extended access is indicative of a dysregulated process that leads toward a downward spiral of addiction , then it might be expected that escalation would continue with extended training rather than reaching a stable asymptote. Asymptotic intake implies regulation, not dysregulation. Thus, given that initial acquisition and escalation produce stable asymptotic intake levels, these stages may be representative of a similar process. Specifically, escalation may be a form of intake acquisition, expressed during the discrimination of changes in temporal context from initial acquisition (10-min or 1-h sessions) to escalation (1-or 6-h sessions).
Finally, it is well known that discrimination of changes in time obeys Weber's law (Gibbon et al. 1984) , where a perceived change in duration is proportional to the value of the original duration. For example, the proportional change in temporal context from 1-to 6-h access conditions is the same as from 10-to 60-min (1:6) access conditions. Thus, the perceived change in temporal context between these conditions should be equivalent. Given that cocaine escalation was observed under both of these conditions suggests that escalated intake is a function of perceivable changes in temporal context. Wee et al. (2007) demonstrated that rats initially trained on 1-h cocaine self-administration sessions and then switched to 3-h sessions did not demonstrate escalation of cocaine intake, while rats that were switched to either 6-h or 12-h sessions exhibited cocaine intake escalation. Thus, a 1:3 change in time was not sufficient to promote escalation, but a 1:6 or 1:12 change was. This is consistent with the findings of the current report in which animals initially trained on 10-min access and then switched to 60-min access demonstrated escalated intake as the access difference ratio is maintained at 1:6. According to this hypothesis, if animals were initially trained with 10-min access and then switched to 30-min access, escalation should not be observed (a 1:3 access ratio); likewise, if animals were initially trained on 6-h access and then switched to 12-h access, escalation should not be observed (a 1:2 access ratio). Further research is needed to determine if these predictions based on temporal discrimination are correct.
